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February 9, 2010:608–11tanding of left ventricular (LV) outflow gradients in hypertro-
hic cardiomyopathy (HCM) (1). Dr. Murgo has had an
mportant role in this conversation, which has spanned virtually
he last 5 decades (2), for this heterogeneous disease with
omplex ejection dynamics (1,3).
However, on the issue of whether obstruction represents true
echanical impedance we must depart sharply from ideas reso-
utely held by Dr. Michael Criley in the 1960s, which we believe
ave plagued the contemporary understanding of HCM and its
anagement, that is, that somehow LV outflow gradients are
ncidental to this disease and are not responsible for heart failure
ymptoms that disable many patients.
We would like to take this opportunity fortuitously afforded by
r. Murgo’s letter to once again underscore a crucial principle in
CM, that is, subaortic gradients due to mitral valve systolic
nterior motion represent true mechanical obstruction to LV
utflow and are responsible for high intraventricular pressures and
ncreased wall stress, which (in association with mitral regurgita-
ion) lead to exertional dyspnea and physical limitation compro-
ising quality of life.
Fifty years after the initial description of HCM (1), evidence for
he clinical significance of true obstruction to outflow in HCM is
verwhelming, having recently been demonstrated in large cohorts
ollowed up for long periods of time (1,4,5). Relief of LV outflow
bstruction by surgical septal myectomy (or selectively by alcohol
blation) has been shown repeatedly to relieve heart failure
ymptoms, and in the case of myectomy, to enhance long-term
urvival (5). Indeed, this is not unlike the clinical experience with
bstruction due to aortic valve stenosis, albeit with different
jection dynamics.
The present discussion is reminiscent of the “second HCM
bstruction debate” 25 years ago at the American College of
ardiology meeting (1) when Dr. Murgo lectured passionately
bout the nuances of LV ejection dynamics and nomenclature, but
n the process may not have addressed the essential clinical
essage, that is, that outflow gradients (and secondary mitral
egurgitation) are associated with substantially elevated LV systolic
and diastolic) pressures, which can cause disabling symptoms but
re mechanically reversible by septal reduction intervention and
ith resultant restoration of quality of life and longevity.
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eterminants of
unctional Capacity in
eripheral Arterial Disease
n their excellent paper, Anderson et al. (1) showed that cellular
etabolism correlated better with treadmill exercise results than
stimation of muscle perfusion in patients with peripheral artery
isease (PAD). Anderson et al. (1) suggested that factors inde-
endent of blood flow and located downstream from the obstruc-
ion are believed to play an important role in the relative absence
f relation of the degree of hemodynamic impairment to functional
imitation. Why should only downstream vascular parameters be
actors to play a role in this result?
First, in the accompanying editorial, Dewey (2) briefly recalls
hat PAD may affect various arterial territories (among which the
elvic circulation) further limiting their clinical prognosis. In
erspective with the high prevalence (22%) of patients with prior
evascularization among the 85 studied patients, it is likely that
unctional limitation from proximal claudication may have inter-
ered with the expected relationship between calf perfusion and
xercise capacity. Indeed, proximal claudication may persist in
pproximately one-third of PAD patients early after aortobifemo-
al bypass surgery (3) or be present in a comparable proportion in
hose who have a patent aortobifemoral bypass with a median delay
f 2 years from surgery (4). In these patients as well as those with
solated occlusion of the internal iliac artery, PAD may result in
evere functional impairment whereas distal (calf) perfusion is not
mpaired.
Second, many studies have underlined that the impairment of
erobic and anaerobic capacity is significantly correlated with the
everity of anemia. Although blood samples were available in the
tudy of Anderson et al. (1) for cholesterol estimation and
nflammatory markers, the evaluation of hemoglobin content is not
eported. Anemia is a common comorbid condition in elderly
atients. Of 732 consecutive patients admitted to an acute geriatric
ard, 24% were found to be anemic (5). The proportion of anemic
atients may even be higher in patients with advanced PAD (6).
Lastly, limb pain while walking may be the sole reported
ymptom of exercise-induced hypoxemia (7). Respiratory param-
ters at rest may remain in normal limits despite the presence of
xercise-induced hypoxemia. Pulmonary disease and vascular dis-
ase share a number of common risk factors (age, overweight,
obacco). Not all patients with pulmonary disease have hypoxemia,
ut 15% of patients with PAD (8,9) have pulmonary disease.
herefore, exercise-induced hypoxemia may be a frequent aggra-
ating cause of exercise intolerance in PAD patients.
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February 9, 2010:608–11As a conclusion, at least the 3 previously suggested “nondown-
tream” factors should probably be discussed as major causes of the
elative absence of relation between the degree of hemodynamic
mpairment and functional limitation. Integrative (proximal and
istal) vascular investigations, as well as estimation of blood oxygen
ransport capacity and content during exercise, are likely required
hen one analyzes the relationship between the severity of perfu-
ion impairment in PAD and functional limitation.
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eply
e thank Dr. Abraham and colleagues for their interest in our
aper (1). They suggest that proximal claudication may be in part
esponsible for functional limitation in patients with peripheral
rtery disease. We most certainly agree and have shown data to
hat effect in our paper (1). The measure of the runoff index from
he magnetic resonance angiogram performed in each patient was
n assessment of extent of peripheral atherosclerosis, corrected for
he proximal nature of the disease (2). The more proximal the
therosclerosis, the worse was the score on the runoff index. The
unoff index correlated with all of the outcome measures per-
ormed, including treadmill time, time to claudication, 6-min
alk, and oxygen consumption (see Table 3 in Anderson et al. [1]). she perfusion measures made using magnetic resonance imaging
n our study (1) were made at the calf muscle level and are thus
ertainly dependent on upstream macrovascular disease as well as
ocal microvascular disease.
Abraham et al. also suggest that anemia could play a role in the
unctional capacity in peripheral artery disease patients, an excel-
ent point. Unfortunately, we did not measure complete blood
ounts at the time of the imaging studies and thus do not have data
o answer this particular question. They also assert that exercise-
nduced hypoxemia may contribute to exercise intolerance in
eripheral artery disease patients. Although we agree with this in
heory, with the low-to-moderate level of exercise performed by
he patients in this particular study, they were generally limited far
ore by claudication than by cardiopulmonary symptoms. In
ummary, we would submit that our study did present data that
ntegrated both “proximal and distal” assessment of the extent of
therosclerosis and its consequences using a comprehensive mag-
etic resonance imaging approach.
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eply
n their response to the paper by Anderson et al. (1) and my
ditorial comment (2), Dr. Abraham and colleagues make an
mportant point in highlighting the importance of “nondown-
tream” factors in peripheral artery disease. The fact that cellular
etabolism was the parameter that correlated best with the
linically most relevant treadmill exercise results in the study by
nderson et al. (1) supports the potential influence of other factors
uch as proximal claudication, anemia, and hypoxemia. The
ommon features in the etiology of atherosclerosis and pulmonary
isease may be a key factor here; for instance, peripheral artery
isease and coronary artery disease are more common in moderate
nd heavy cigarette smokers than in never smokers (3). Further
nalyses of, for example, anemia (by measurements of hemoglobin)
ay have shed more light (4) on the pathophysiological interac-
ions and correlation with magnetic resonance imaging parameters
n the study by Anderson et al. (1). Nevertheless, their study is a
reat step forward on the path of developing a clinically meaning-
ul use of imaging (5). Finally, I would like to remind everybody
hat it is impossible to achieve all that is possible in a single clinical
tudy.
